Abstract-In this paper, we propose an efficient symbol (32 samples) timing synchronization algorithm for IEEE 802.11a/g wireto short training symbols long training symbols less LAN systems in multipath channels is proposed. The (10 x 16 = 160 sampels) 1(2 X 64 =128 samples) Orthogonal frequency division multiplexing (OFDM) Fig. 1 . Received signal corresponding to the preamble under a is widely accepted as a bandwidth efficient modula-multipath channel. tion scheme suitable for digital wireless communication systems operating under frequency selective multipath channels. The IEEE 802.11a/g wireless LAN (WLAN) short training symbol and seeks for correlation peaks. standards [1] , [2] specify an OFDM physical layer Since multiple short training symbols are transmiffed that splits the information stream across 52 separate at the transmitter, several cross-correlation peaks may subcarriers1 (including 4 pilot subcarriers) providing be observed. In order to resolve the uncertainty, the transmission rates of up to 54 Mbps and beyond.
estimator searches for the first absence of the crossIn these systems, each data packet is preceded by correlation peak from which the correct symbol timing a preamble consisting of ten short training symbols instant is determined. In [4], the auto-correlation comfollowed by two long training symbols which are pre-puted between the received signal and its delayed version ceded by a cyclic prefix [1], [2] (Fig. 1) . The short with a delay equal to the short training symbol length training symbols are usually utilized for signal detection, is used for symbol timing synchronization. Here, the automatic gain control (AGC), symbol timing synchro-fact that multiple short training symbols are transmiffed nization and coarse frequency offset estimation. In [3] results in a plateau in the auto-correlation peak, again, and [4] , symbol timing synchronization algorithms based leads to an uncertainty in the correct symbol timing on the short training symbols were proposed. The symbol instant. In order to resolve this uncertainty, the estimator timing estimator proposed in [3] observes the cross-observes the difference between two auto-correlation correlation between the received signal and the known values measured at timing instants separated by the short training symbol length. The estimator then seeks the J. Yang was with the Division of Electrical and Computer Engi-timing instant for which the difference in the two autoneering, (k -N/2) for k = 0, 1, ... , N -1 where N = 64 is the In this paper, an efficient symbol timing synchro-inverse discrete Fourier transform (IDFT) length equal nization algorithm targeted for IEEE 802.11 a/g WLAN to the total number of subcarriers. The IDFT output of systems operating in multipath channels is proposed. S is then given by A major deviation from previous algorithms is that show that under moderate carrier frequency offsets, the proposed algorithm significantly outperforms the con- where ((n))m denotes n modulo m.
Using the elongated training symbol, the proposed algoAfter transmission over a multipath channel with a rithm uniquely determines the time instant of the end of maximum delay spread of Nm samples2, the received G12 contained in the first multipath component, denoted complex baseband samples corresponding to the pream-4. Also, the reliability of the resulting estimation is more ble may be written as reliable due to the increased correlation length.
N,.
The proposed symbol timing estimation algorithm us- 192. Fig. 2 multipath signal components more prominent compared denotes the variance of the interference term introduced to the correlation sidelobes (see Fig. 2 ).
by imperfect symbol timing estimation given by [5] '0. The assumed multipath fading channel is modelled as a The resultsareshownversusand the carrier frequency uncertainty is assumed to be (E= arg max ME, [k] .
(12) within +40 ppm ofthe operating frequency4. This results k:E [s+16, s+112] in a maximum frequency offset ofa2n 2 kllz.
In Fig. 3 (a) and (b) probability is defined as the probability that the SNR Fig. 3 (a) and (b) show that under moderate carrier loss due to the symbol timing estimation error, denoted frequency offsets, the proposed algorithm outperforms e mu -tph, exceeds 3 dB where th denotes the symbol 4The IEEE 802.11la WLAN standard recommends that the uncer3The minimum window size is identical to the maximum delay tainty of the transmitter oscillator be within ±20 ppm. We assume spread of multipath channel. However, since the maximum delay that the uncertainty of the receiver oscillator is also within ±20 ppm.
spread of the channel is generally unknown a priori, we utilize a Also, note that the maximum frequency offset requirements in the window of the size equal to Ng which is the maximum allowed IEEE 802.1ca and IEEE 802.1ng WLAN proposed algorithm is much less sensitive to the RM\S delay spread of the multipath fading channel, mainly due to the fact that they seek the position of the first arriving multipath component. Though the proposed algorithm is more sensitive to the carrier frequency offsets due to the increased correlation length, the proposed algorithm outperforms conventional algorithms, even under very large carrier frequency offsets.
VI. CONCLUSIONS
In this paper, we propose an efficient symbol timing synchronization algorithm for the IEEE 802.11a/g WLAN systems in multipath channels. Simulation results show that even under quite large carrier frequency offsets, the proposed algorithm significantly outperforms conventional algorithms.
